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(54) Tide: OPEN INTERVERTEBRAL SPACER 
(57) Abstract 



Open chambered spacers, 
implanting tools and methods 
are provided. The spacers (500*) 
include a body (505') having 
a wall (506*) which defines a 
chamber (530*) and an opening 
(53 1 *) in communication with 
the chamber (530'). In one 
embodiment the wall (506*) 
includes a pair of arms (520*. 
521*) facing one another and 
forming a mouth (525*) to the 
chamber (530*). Preferably, one 
of the arms (520*) is truncated 
relative to the other, forming 
a channel (526). In one aspect 
the body (505*) is a bone dowel 
comprising an off-<enter plug 
from the diaphysis of a long 
bone. The tools (800) include 
spacer engaging means for 
engaging a spacer and occlusion 
means for blocking an opening 
defined in the spacer. In some 
embodiments, the occlusion 
means. (820) includes a plate 
(82 1 ) extendable from the 
housing (805). In one specific 
embodiment the plate (821) 
defines a groove (822) which is 




CO 



»~ 526 



disposed around a fastener (830) attached to the housing (805) so that the plate (821) is slideaWe relative to the housing (805). 
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OPEN INTERVERTEBRAL SPACER 

FIELD OF THE INVENTION 

The present invention broadly concerns arthrodesis for 
stabilizing the spine. More specifically, the invention 
5 provides open-chambered intervertebral spacers, instruments 
for implanting the spacers and methods for making and using 
the spacers . 

BACKGROUND OF THE INVENTION 

Intervertebral discs, located between the endplates of 

10 adjacent vertebrae, stabilize the spine, distribute forces 
between vertebrae and cushion vertebral bodies. A normal 
intervertebral disc includes a semi-gelatinous component, 
the nucleus pulposus, which is surrounded and confined by an 
outer, fibrous ring called the annulus fibrosus* In a 

15 healthy, undamaged spine, the annulus fibrosus prevents the 
nucleus pulposus from protruding outside the disc space. 

Spinal discs may be displaced or damaged due to trauma, 
disease or aging. Disruption of the annulus fibrosus allows 
the nucleus pulposus to protrude into the vertebral canal, a 

20 condition commonly referred to as a herniated or ruptured 
disc. The extruded nucleus pulposus may press on a spinal 
nerve, which may result in nerve damage, pain, numbness, 
muscle weakness and paralysis. Intervertebral discs may 
also deteriorate due to the normal aging process or 

25 disease. As a disc dehydrates and hardens, the disc space 
height will be reduced leading to instability of the spine, 
decreased mobility and pain. 

Sometimes the only relief from the symptoms of these 
conditions is a discectomy, or surgical removal of a portion 

30 or all of an intervertebral disc followed by fusion of the 
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adjacent vertebrae. The removal of the damaged or unhealthy 
disc will allow the disc space to collapse. Collapse of the 
disc space can cause iristability the spine, abnormal 
joint mechanics, premature development of arthritis or nerve 
5 damage, in addition to severe pain. Pain relief via 

discectomy and arthrodesis requires preservation of the disc 
space and eventual fusion of the affected motion segments. 

Bone grafts are often used to fill the intervertebral 
space to prevent disc space collapse and promote fusion of 

10 the adjacent vertebrae across the disc space. In early 

techniques, bone material was simply disposed between the 
adjacent vertebrae, typically at the posterior aspect of the 
vertebra, and the spinal column was stabilized by way of a 
plate or rod spanning the affected vertebrae. Once fusion 

15 occurred, the hardware used to maintain the stability of the 
segment became superfluous and was a permanent foreign 
body. Moreover, the surgical procedures necessary to 
implant a rod or plate to stabilize the level during fusion 
were frequently lengthy and involved. 

20 It was therefore determined that a more optimal solution 

to the stabilization of an excised disc space is to fuse the 
vertebrae between their respective end plates, preferably 
without the need for anterior or posterior plating. There 
have been an extensive number of attempts to develop an 

25 acceptable intradiscal implant that could be used to replace 
a damaged disc and maintain the stability of the disc 
interspace between the adjacent vertebrae, at least until 
complete arthrodesis is achieved. The implant must provide 
temporary support and allow bone ingrowth. Success of the 

30 discectomy and fusion procedure requires the development of 
a contiguous growth of bone to create a solid mass because 
the implant may not withstand the compressive loads on the 
spine for the life of the patient. 

Several metal spacers have been developed to fill the 

35 void formed and to promote fusion. Sofamor Danek Group, 
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Inc., (1800 Pyramid Place, Memphis, TN 38132, (800) 
933-2635) markets a number of hollow spinal cages. For 
example, U.S. Patent No. 5,015,247 to Michelson and U.S. 
Serial No. 08/411,017 to Zdeblick disclose a threaded spinal 
cage. The cages are hollow and can be filled with 
osteogenic material, such as autograft or allograft, prior 
to insertion into the intervertebral space. Apertures 
defined in the cage communicate with the hollow interior to 
provide a path for tissue growth between the vertebral 
endplates. 

Although the metal fusion devices of Sofamor Danek and 
others are widely and successfully employed for reliable 
fusions, it is sometimes desirable to use an all-bone 
product. Bone provides many advantages for use in fusions. 
It can be incorporated after fusion occurs and therefore 
will not be a permanent implant. Bone allows excellent 
postoperative imaging because it does not cause scattering 
like metallic implants. Stress shielding is avoided because 
bone grafts have a similar modulus of elasticity as the 
surrounding bone. Although an all-bone spacer provides 
these and other benefits, the use of bone presents several 
challenges. Any spacer which will be placed within the 
intervertebral disc space must withstand the cyclic loads of 
the spine. Cortical bone products may have sufficient 
compressive strength for such use, however, cortical bone 
will not promote rapid fusion. Cancellous bone is more 
conducive to fusion but is not biomechanically sound as an 
intervertebral spacer • 

Several bone dowel products such as the Cloward Dowel 
have been developed over the years. Bone dowels in the 
shape of a generally circular pin can be obtained by 
drilling an allogeneic or autogeneic plug from bone. As 
shown in Figures 1 and 2, the dowels 100, 200 have one or 
two cortical surfaces 110 and an open, latticed body of 
brittle cancellous bone 120, 220 backing the cortical 
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surface 210 or between the two cortical surfaces 110. The 
dowels 100, 200 also include a drilled and/or tapped 
instrument attachment hole 115, 215. Dowels and other bone 
products are available from the University of Florida Tissue 
Bank, Inc., (1 Innovation Drive, Alachua, Florida 32615, 
904-462-3097 or 1-800-OAGRAFT; Product numbers 280012, 
280014, and 280015) . 

While the bone dowels of the prior art are valuable bone 
grafting materials, these dowels have relatively poor 
biomechanical properties, in particular a low compressive 
strength. Accordingly, these dowels may not be suitable as 
an intervertebral spacer without internal fixation due to 
the risk of collapsing prior to fusion under the intense 
cyclic loads of the spine. A need remains for dowels having 
15 the advantages of allograft but with even greater 
biomechanical strength. 

In response to this need, the University of Florida 
Tissue Bank, Inc., has developed a proprietary bone dowel 
machined from the diaphysis of long bones. Referring now to 
Figure 3, the dowel 300 includes a tool engagement end 301 
and an opposite insertion end 302. Between the two ends 301 
and 302, the dowel 300 includes a chamber 330 formed from 
the naturally occurring medullary canal of the long bone and 
an opening 331 in communication with the chamber 330. The 
chamber 330 can be packed with an osteogenic material to 
promote fusion while the cortical body 305 of the dowel 300 
provides support. The dowels are also advantageous in that 
they provide desirable biomechanics and can be machined for 
various surface features such as threads or annular 
30 ribbing. m some embodiments, the outer cortical surface 
310 of the tool engagement end 301 is machined with an 
instrument attachment feature and an alignment score mark. 
As shown in Figure 3, the insertion end 302 may include a 
chamfered portion 340. 

While these diaphysial cortical dowels are a major 
advance in this field, a need has remained for bone dowels 
and other intervertebral spacers with greater versatility. 



20 



25 



35 
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SUMMARY OF THE INVENTION 
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This invention provides spacers having an open chamber, 
tools for implanting the spacers and methods for making and 
using the spacers. The spacers include a body having a wall 
which defines a chamber and an opening in communication with 
the chamber. In one aspect, a channel is defined in the 
wall in communication with the chamber and the outer surface 
of the spacer. In another embodiment the wall includes a 
pair of arms facing one another and forming a mouth to the 
chamber. In a preferred embodiment, one of the arms is 
truncated relative to the other. In some aspects, the body 
is composed of bone. In one aspect the body is a dowel 
having a substantially C-shaped chamber and comprising an 
off-center bone plug obtained from the diaphysis of a long 
bone . 

Tools for implanting spacers are also provided. The 
tools include spacer engaging means for engaging a spacer 
and occlusion means for blocking an opening defined in the 
spacer. In one aspect the engaging means includes a shaft 
slidingly disposed within a housing and having a threaded 
post for engaging a threaded tool hole in the spacer. In 
some embodiments, the occlusion means includes a plate 
extendable from the housing. In one specific embodiment the 
plate defines a groove which is disposed around a fastener 
attached to the housing so that the plate is slideable 
relative to the housing. 

This invention also includes methods for obtaining an 
open bone dowel and methods for using the spacers of this 
invention. The methods of making a dowel according to this 
invention include cutting an off-center plug from the 
diaphysis of a long bone to obtain a bone dowel having an 
open chamber. In one aspect, the dowel is machined to 
include desirable surface features such as threads, grooves 
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and instrument holes. in still another aspect, the methods 
include chamfering the forward end of the dowel The 
methods for using the spacers of this invention include 
making a cavity between two vertebrae to be fused and 
implanting a spacer having an open chamber. m some 
embodiments the chamber is packed with osteogenic material 
before the spacer is implanted. m other aspects of the 
invention, osteogenic material is packed into and around the 
Chamber through the mouth or channel after implantation 

The combination of the open-chambered spacers of this 
invention with the tools and methods of this invention 
provide a versatile spacer without any compromise in 
biomechanical integrity. The spacers can be packed before 
or after implantation. This invention facilitates 
15 implanting a pair of open spacers close to each other in an 
intervertebral space. where the spacer is a bone dowel, the 
dowel can be formed with less bone than is needed for 
conventional dowels, conserving precious bone stock 

Accordingly, it is one object of this invention to 
20 provide an open-chambered fusion spacer and methods for 
using the spacer in an arthrodesis procedure. 

Another object is to improve patient incidence of safe 
and satisfactory spinal stabilization and fusion. 

Another object of this invention is to provide a dowel 
25 for vertebral fusions which has improved biomechanical 

properties and versatility over standard dowels known in the 
art . 



30 



Still another object of the present invention is to 
provide a spacer with satisfactory biomechanical features 
and improved osteogenic and fusion promoting features 

These and other objects, advantages and features are 
accomplished according to the spacers, tools and methods of 
the following description of the preferred embodiments of 
the present invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
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Figure 1 shows a standard Cloward Dowel known in the art. 
Figure 2 shows a standard unicortical dowel known in the 

art . 

Figure 3 shows a diaphysial cortical dowel produced and 
sold by The University of Florida Tissue Bank, Inc. 

Figure 4 is a side perspective view of one embodiment of 
the open-chambered spacer of this invention. 

Figure 5 is an end elevational view of the spacer of 
Figure 4» 

Figure 6 is a top elevational view of a pair of open 
chambered dowels of this invention implanted within an 
intervertebral space . 

Figure 7 depicts the anatomy of a lumbar vertebral 
segment. 

Figure 8 is a top elevational view of a pair of open 
chambered dowels of this invention implanted within an 
intervertebral space via an anterior surgical approach. 

Figure 9 is a top elevational view of a pair of open 
chambered dowels of this invention implanted within an 
intervertebral space via a posterior surgical approach. 

Figure 10 is a side perspective view of one embodiment 
of an open chambered dowel having a truncated arm defining a 
channel to the mouth and chamber* 

Figure 11 is a top perspective view of an open chambered 
dowel with arms defining concave faces* 

Figure 12 is a top perspective view of an open chambered 
bone dowel. 

Figure 13 is a side perspective view of one embodiment 
of this invention in which the dowel is grooved. 

Figure 14 is a side perspective view of a threaded dowel 
of this invention. 

Figure 15 is a side cross-sectional view of a detail of 
a portion of the threads of a spacer of this invention. 
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F^aure 17 H i "''"'"^ '° invention. . 

^ t..e:::r:/:i::.: - ..e .o„e. 

t^reliTrZV^ elevational view of the dowel 

ZlTy " " ^"""^"^ °^ the cutter 

cu.te"\"r/° ' = '-th Of one 

catter blade of the dowel threader 

Fi9ur:" ' ^^-^ - '"^ .lade of 

" Fi.u::n: ::d'L^ "'^"^^ -^^ - ^^de of 
in"::t"ort::i\:°:jr::::::Lv-" - — - 

" FigJe^T " " ° perspective view of the tool of 

ele-nlnHf " ' P-=P-tive view of a spacer engaging 
element of an insertion tool. 

" .ooiZ"::ertra\::::/--"°- - - -^--on 

Figu^e^r " ' perspective view of the view shown in 

30 too/'^"^ '° " "Plowed side perspective view of a 
30 tool spacer assembly according to this invention. 

asse^M^" " ' Perspective view of a tool-spacer 

this"::::t"„" ^ - = -^-er ot 
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Figure 33 is a side elevational view of the fastener of 
Figure 32. 

Figure 34 is a top elevational view of the fastener of 
Figures 32 and 33. 
5 Figure 35 is a top elevational view of a spacer 

according to one specific embodiment of this invention. 

Figure 36 is a side view of the spacer of Figure 35. 

Figure 37 is a front perspective view of the spacer of 
Figure 35. 

10 Figure 38 is a detail of a portion of the threaded 

surface of the spacer of Figure 35. 

Figure 39 is a detail of one embodiment of the thread of 
one embodiment of the threaded dowel of this invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

oT:::irj:;:r:::r: ^^^^ - — 3cope 

further n^oTf \ ^"^h alterations and 

relates. "^^"^ '"^ invention 

1= exposure oTZlZllTllT ^-i- 

-e c.a..er an^ru':: rp 3;:::::^^"^ """"^ """" 

20 When the ^aterxa! HZ J " Particularly advantageous 
precious a! L; a.t In LcTT^ "'^^"'^^ 

.ra.ts can - ohtainer.!::';. ::r,rr:,:r„:r- ^"^^^ 

cnought possible hf>foyc> +-v,^ «veL 
smaller dowels L! i-ention. Likewise, 

^"^ ^ pre-formea chamber may be 
25 efficiently obtained from larger bones. 

Although any open-chambered spacer ^ 
one embodiment the spacers are obLrLd """'"-"^l^*^"- 

Pre-formed chamber is inherentlv .^o.,- • 

dowel. When th. oi ^"^^^^"^1^ contained within the 

When the plug is cut off-center i r. = 
the dowel includes an nr. 1 ^" ^ certain way, 

inciuaes an open-mouthed chamber c,.,. • • 
the biomechanical properties of t-h ' Surprisingly, 

35 compromised by the absence LtH " 

Y cne absence of the missing chamber wall. 
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Referring now to Figures 4 and 5, one embodiment of an interb 
ody fusion spacer of this invention is shown. The spacer 
500 includes a body 505 with a tool engagement end 501 and 
an opposite insertion end 502. The body 505 includes a wall 
5 506 defining a chamber 530 between the two ends 501, 502 and 
an opening 531 in communication with the chamber 530. 
Preferably, the insertion end 502 includes a solid 
protective wall 503 which is positionable to protect the 
spinal cord from escape or leakage of osteogenic material 

10 from the chamber 530 when the spacer is placed via an 
anterior approach . 

As shown in Figure 4, the chamber 530 is open in that it 
also communicates with a further aperture such as a mouth or 
a channel. The aperture also communicates with the outer 

15 surface 510 of the spacer 500, preferably at the tool 

engagement end 501. The aperture can provide access to the 
chamber 530 after implantation or can facilitate insertion 
of the spacer 530 into the intervertebral space. Comparing 
Figure 4 with Figure 3, it is evident that the chamber 530 

2Q is open so that the body 505 and chamber 530 are 

substantially C-shaped as opposed to the defined chamber 330 
of Figure 3. In some embodiments, including the one 
depicted in Figure 4, the aperture is a mouth 525 formed by 
a pair of facing and opposing arms 520, 521. 

25 Bilateral placement of dowels 500 is preferred as shown 

in Figure 6. This configuration provides a substantial 
quantity of bone graft available for the fusion. The dual 
bilateral cortical dowels 500 result in a significant area 
of cortical bone for load bearing and long-term 

30 incorporation via creeping substitution, while giving 

substantial area for placement of osteogenic autogenous bone 
which will facilitate boney bridging across the disc space. 
The dual dowel placement with facing chambers 530 results in 
an elongated compartment 540 that can be filled with an 

35 osteogenic composition M. This provides for the placement 
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shown in Figures 7 9 v ''^^^ °^ ^he vertebrae v as 

S being aispo=ea around the periphery "one 
apophysis A. The open spaced ofthL ""^ 
aesi.„ea to accomodate spiL anato^: T"""" 
S. two open spacers 500 • T l ^h"™ in Figure 

-cing t! tre^ceter^" tt7:::rt::::i"' """"^ 
::::pt":rcTor::e^"?r=-"^"^ - - 

structural a„a iLa jr." """^ ^ "^^'^^^ 

periphery of the body. At the ^ I '"^ 
material „ placed within 1 "^t-genic 
vascular certerLra^ro-Ztttry^'^ " ^^^^^ '° ~" 

a™ s-o? o^'\tt ~:rtr::or - --^ 

is truncated relative L Z engagement end 501 

rexative to the second arm 521' tv, • ^ 
Channel 526 from the outer surface 5io ll .'. ' 
530'. Preferahw =. ^ ^° chamber 

i-referably and as shown in Fiaur^ in 4-u 

526- is in communication with both ^! 

Chamber 530' althouah "'^"'^ ^he 

526 could be providL n a" T"''""''^'^" '"^^ ^^^-^ 

and an opening In ''^'""^ ^^^^"^ ^ -^-^er 

opening. m some embodiments, such as i-h« 
depxcted in Figure 11, the arms 580 581 def 
faces or surfaces 582 and 583 IT' " 
583 are configured to receiv!' ^"'^ 

The Channel 52 6 of thl L^enT''^'"^"'"" ^^^^^"^ 
advantages. The channer^J/ " Provides important 

truncated arm 520 as sL ^^^^-"^"^^ formed as a 

i^P^antation wL^^ en^^I^ ^i:: rL^^- 3:;3^-\^:-^^^ 
be Placed within the channel dur:n;\mp^^::::i::: t^^ ^ 
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spacers of this invention can be placed very closely 
together within the intervertebral space as shown in Figures 
6 and 8, The tool need not extend beyond the outer surface 
of the spacer. The channel 526 also allows osteogenic 
5 material to be packed within the chamber and around the 
spacer after implantation. A further advantage of the 
channel is that, when it is formed in combination with the 
mouth of an open spacer, it allows the chamber of the spacer 
to be packed before implantation. The tool may be placed 

10 within the channel to prevent escape of the osteogenic 

material from the chamber during implantation. The channel 
526 also provides access to the chamber 530' for packing 
after the spacer 500* is implanted into the disc space. 

Referring now to Figure 12, in a preferred embodiment, 

^5 the spacer is a dowel having a longitudinal axis A^^ along 
a length L of the body 505. The open C-shaped chamber 530 
is defined along a second axis A substantially 
perpendicular to the longitudinal axis A^. The body 505 
has an outer cross-section XS projected on a plane 

20 perpendicular to the longitudinal axis A^ that is 

substantially uniform along the length L of the body 505. 

The spacers of this invention may be provided with 
surface features defined in the outer surface 510. Where 
the spacer is a bone dowel as described herein, the surface 

25 features can be machined into the cortical bone. Any 
desirable surface feature is contemplated. In one 
embodiment the outer surface 510 of the tool engaging end 
501 defines a tool engaging or instrument attachment hole 
515 as shown in Figures 4 and 12. In a preferred 

30 embodiment, the hole 515 is threaded but any suitable 

configuration is contemplated. It is sometimes preferable 
that this end 501 have a generally flat surface to accept 
the instrument for insertion of the dowel in the recipient. 
In some embodiments, the spacer 500 includes an 

35 alignment score mark or groove 516 defined in the tool 
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engagement end 501. m Figure 12 i-ho 

to the axis A of th. ! ^""^""^ ^""^ parallel 

Shown in K guL ■ 1! °^ Perpendicular as 

driver slot for re J ^'"^"^^ ^ 

5 Al^-o. ! receiving an implantation tool. 

11": :^ " ^« -coined to 

exhibit a projection instead of a slot . 

portion Of bone ta.. a str i^h .iat sTael T"'"^'"' 

(essentially a mirror image of the slot !h ? 

elliptical .minence. a MLncaL" :i"l rf;,::,:- " 

U engaging end .oT '"^ "^^"'"^ °^ 

Of -:''::=::r"^™:t:;::/- - .ngth . 

surfaces to facllitat, '^"''■^es can provide engaging 

prevent slip:! r:'!":.'^"^""' 

20 smooth graft. deferring n^r to ^i :re H Th^: ^ 
includes a groove or stop rib 6,, 

Circumference of the s^ac'e : "ra". li^""' 
backing out m «4-k discourages 
surfac! 510 : of ^ -^odiments the outer 

" in «gure L "^"-^ ^O"" ^^"nes threads 5« as shown 

the protect „ ; ""^^^ ^"--^ adjacent 

the threads preferabir ""f" """^ "'"'^ 

threads which include teeth 543 hL ^^ ^^^ ^""'"^^ 
leading flank 545 and IT ^"^ " "^'"^^^ ^ 

0 PreferLlv th. T trailing flank 546. 

referably the crest 544 of each tooth 543 is fl,t t 
specific embodiment, the crest " ^" 

"iath „ Of between about 0 020 "ch! = 
inches. The threads 542 p;efer bly def 

-ween the leading flank^45 ::d"rh:t-,- -!:nV54. of 



BNSDOCID- <WO_9855052A1J_> 





wo 98/55052 



PCT/US98/11159 



-15- 



10 



15 



20 



25 



30 



adjacent ones of said teeth 543. The angle a is 
preferably between about 50 degrees and 70 degrees. Each 
tooth 543 preferably has a height h' which is about 0.030 
inches and about 0.045 inches. 

Machined surfaces, such as threads, provide several 
advantages that were previously only available with metal 
implants. Threads allow better control of spacer insertion 
than can be obtained with a smooth surface. This allows the 
surgeon to more accurately position the spacer and avoid 
over-insertion which is extremely important around the 
critical neurological and vascular structures of the spinal 
column. Threads and the like also provide increased surface 
area which facilitates the process of bone healing and 
creeping substitution for replacement of the donor bone 
material and fusion. These features also increase 
postoperative stability of the spacer by engaging the 
adjacent vertebral endplates and anchoring the spacer to 
prevent expulsion. Surface features also stabilize the 
bone-spacer interface and reduce micromotion to facilitate 
incorporation and fusion. 

Various configurations of open-chambered spacers are 
contemplated by this invention. When the spacer is obtained 
from the diaphysis of a long bone, the shape of the dowel is 
determined by the location of the cut into the bone shaft. 
Referring now to Figure 16, by appropriately locating the 
plug that is cut, "C"-shaped dowels of varying "C"-shaped 
cavity depths and sidewall thicknesses are achievable. 
Figure 16A shows the plug that must be cut into the shaft to 
obtain a diaphysial cortical dowel 300 (see Figure 3) having 
a sidewall height HI and a sidewall thickness Tl. Figures 
16B-16D depict the off-center cuts required to generate 
"C"-shaped dowels of this invention having different 
sidewall heights H2-H4 and sidev/all thicknesses T2-T4. The 
sidewall thickness increases from 16A to 16D, even though 
the diameter of the dowel is unchanged. 
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Surprisingly, we have found th^i- ^-h 
spacers of tMs invention .::XlZT:n2T 
-n,ila. to a spacer having a .etllZTr T ""^""^^ 

Figure 3 having a full f^^'^^ cortical dowel 300 of 

r-ainea a. .on\\X™::.rr:rt/*'" 
narrowest aspect 570 is .r.^JZy JllTZT T' " 

A= any of these open-cha.berea spaces T • °" ' 
begin to e:.perience axial load it " implanted and 

lower the sidewall height H t^ " '"^ 
the dowel end 501 502 J' """" '"^ =="-'3 "y 

H is appro.i.atei; th" ' sara7:;e":::e^ 'd" 
aiaewall 50. .ay carry a greater sh e /t^rr::,:; l'" 

In some embodiments, the wall SOfi 
lower flattened portions to sL^-. "'"^ ^"'^ 
neutralizing any rotational f ' '^^^^^ 

pressure on the s d": " .h^:"^ T '"^^ ^^^"^^^ 
reducing the height H of 'th" de^ "s^^"^^^^ 
by filing or like meanc: ^aewall 505 and ends 501, 502 

important for TlZZ. ZT.IMT'^"''^-'^ 

the threads tend to "bite- Into tH t as 

implanted, thereby pr^venti^o^ " ""^^ 

^ preventing any rotation. 

-ch dowels a e t^pi a iy^L": ""^ 

cypicaiiy between abouh « i e;,*,™ • 

aepth and about 10-14m„ in diameter lr\\ " °' 
lumbar fusions, the dowel is Preferably obt r' 
humerus, femur or tibia Th» h obtained from the 

typically between abour-lo!"^^:": rg-^-a^rt """^ 

in diameter. length and about l4-20mm 

:::,T.rir^: t --ogemc 

ct preterred embodiment t-ho ^^4. 

composition „ haa a length which is ^rea^er thL'T^ 

greater than the length 
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of the chamber 530 so that the osteogenic composition will 
contact the endplates of the adjacent vertebrae when the 
spacer 500 is implanted within the vertebrae. This provides 
better contact of the composition with the endplates to 
stimulate bone ingrowth* 

Any suitable osteogenic material or composition is 
contemplated, including autograft, allograft, xenograft, 
demineralized bone, synthetic and natural bone graft 
substitutes, such as bioceramics and polymers, and 
osteoinductive factors. The terms osteogenic material or 
osteogenic composition used here means virtually any 
material that promotes bone growth or healing including 
autograft, allograft, xenograft, bone graft substitutes and 
natural, synthetic and recombinant proteins, hormones and 
the like. 

Autograft can be harvested from locations such as the 
iliac crest using drills, gouges, curettes and trephines and 
other tools and methods which are well known to surgeons in 
this field. Preferably, autograft is harvested from the 
iliac crest with a minimally invasive donor surgery. The 
osteogenic material may also include bone reamed away by the 
surgeon while preparing the end plates for the spacer. 

Advantageously, where autograft is chosen as the 
osteogenic material, only a very small amount of bone 
material is needed to pack the chamber. The autograft 
itself is not required to provide structural support as this 
is provided by the spacer. The donor surgery for such a 
small amount of bone is less invasive and better tolerated 
by the patient. There is usually little need for muscle 
dissection in obtaining such small amounts of bone. The 
present invention therefore eliminates or minimizes many of 
the disadvantages of employing autograft. 

Natural and synthetic graft substitutes which replace 
the structure or function of bone are also contemplated for 
the osteogenic composition. Any such graft substitute is 
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contemplated, including for examnl. h - 
--i., .,„eral composition. : r J™ 

^-^o^ ^ t^x^of A^ ^r.^ ^ . "*^-^®^«™ics. As as evident 
^ CO. .ta, l„3, volume 1), Z\^tr ^""-""3 

ana calcium phosphate compositions . "ydroxyapatite 
can he used to advantage forthrn " 

i= .e.ei„ inco.po.ateaV :L c! :r:his™" 
Preferred calf-i,.m . purpose. 

i«u caicium compositions incl„H^ k- 
tricalcium phosnha^^. . u bioactive glasses, 

pnosphates and hydroxyapat-: te.? t„ 
embodiment, the graft substitute il ^t : 
phosphate ceramic in.i ^- bxphasic calcium 

hy^roxyapatUe ' tricalcium phosphate and 

In some erabodimerts t-n-:. 
this invention co.p"s;'a the "-"Positions usea in 

- stimulate o. in:u::\o"„r: r^'ra": r:^""^ ~ 

^one inauctive o. ,.o„th .acto o : ote nirr ' ''"^ 
Pharmaceutically acceTDt«m« • ^^^^^^'^ ^ 

osteoinauctive L«o:s a" the"""" '"^ "'^'"^^^ 
n.orpho,enetic p.oteins VJZrZT::::^^^'' 

«sr::::"ir'^ ^° l^^l:^"""^ 

i= a r::„p.:" r^^h' -.pho.enetic p.otei„ 

a-ut .^^^^^^J " a concentration o. 

However, an. hone mL:Ce;etL p";"' 
contemplated inclurlino k P"°9enetic protein is 

aesi,„atea as^^^.^^ L:;": ^ ^3"^":"^ 

Genetics Institute Inc r T available from 

al=o he prepared h; one ^witd^in'^hr^r""^^'" 

U.S. Patent Nos. 5.187 076 to w '^escribea in 

et ai... =.ii.;73r::':::,r:r.\' o";-;:;?-"^ '° 
-0^- eo „o.ne. et al., ana •pc:'::::::^::. "-"o^v 
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to Wozney et al.; W094/26893 to Celeste et al.; and 
W094/26892 to Celeste et al. All osteoinductive factors are 
contemplated whether obtained as above or isolated from 
bone. Methods for isolating bone morphogenetic protein from 
5 bone are described in U.S. Patent No. 4,294,753 to Urist and 
Urist et al., 81 PNAS 371, 1984. 

The choice of carrier material for the osteogenic 
composition is based on biocompatibility, biodegr adabi lity , 
mechanical properties and interface properties as well as 

10 the structure of the load bearing member. The particular 

application of the compositions of the invention will define 
the appropriate formulation. Potential carriers include 
calcium sulphates, polylactic acids, polyanhydrides , 
collagen, calcium phosphates, polymeric acrylic esters and 

15 demineralized bone. The carrier may be any suitable carrier 
capable of delivering the proteins. Most preferably, the 
carrier is capable of being eventvially resorbed into the 
body. One preferred carrier is an absorbable collagen 
sponge marketed by Integra LifeSciences Corporation under 

20 the trade name Helistat® Absorbable Collagen Hemostatic 
Agent. Another preferred carrier is a biphasic calcium 
phosphate ceramic. Ceramic blocks are commercially 
available from Sofamor Danek Group, B. P. 4-62180 
Rang-du-Fliers , France and Bioland, 132 Rou d Espangne, 

25 31100 Toulouse, France. The osteoinductive factor is 

introduced into the carrier in any suitable manner. For 
example, the carrier may be soaked in a solution containing 
the factor. 

The present invention also provides methods for making 
30 the open spacers of this invention. In one embodiment, a 
method for making an open chambered bone dowel includes 
obtaining an off-center plug from the diaphysis of a long 
bone so that the dowel has an open chamber. The open 
chamber is preferably substantially concave or C-shaped and 
35 has an axis that is substantially perpendicular to the long 
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tt%:i:r\r:rr-,,:-:-:-- -«ce .o„e. .„c.u.e 

recipients. vrererred for human 



30 



recipient, .or example, where he dono ."s h 

Of consent such as a aonor card or written 

next Of Mn is required, where tL 

aonor must he screened for a : a tr^^rt^rrf" " 

diseases and pathogens, including h communxcable 

Virus, cytomegalovirus Ct- ,3 3 ^^"-^^^^^-ncy 

other pathogens. Thes^ tlH ^^P^^itis C and several 

nu.her of means coIv^t^otrirThe^r^^-tc^rd^^ ' 
limited to ELISA assays pgr asJ ^«<=l«aing but not 

Such testing follow. Th' °^ ^^^^^^glutination . 

<-ci>ting tollows the reguirement=- r,<=. /-s . 
Association of . r, ^rements of: (i) American 

Ban«„,. ZoZJ^r^ST'^TT"' """" 
"19-M20; (ii, The rood , /n"'^'"'^' " 

Testing ana Donor Screenlno- ,■■ . Infectious Disease 

Guidelines for Preve«i"o T„ """"'"ol. 43/«o. ms. 

jr-ieventing Transmission of Hum^^r. 
inununodeficiency Virus Through Transplant.^ 
Tissue and organs, pages 4-7 (L> pi . °' 
Weekly, vol 10 L ^ Florida Administrative 

^t,. / ' °' August 21, 1992 

59A-1.001-01459A-1 on^f^'>^, ^ 

battery of stana.r^ h <^''^'-<«>- !■> aaaition to a 
their of"i„ is'T""'"' - °' 

aonor engagea i^^ny of" 

-.opMiia. e„,a,in. i„ i„L..::::; :::r:::: ::r 
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donor has been ascertained to be acceptable, the bones 
useful for obtention of the dowels are recovered and 
cleaned. 

Preferably, the bone plugs are obtained using a diamond 
or hard metal tipped cutting bit which is water cleaned and 
cooled. Commercially available bits (e.g. core drills) 
having a generally circular nature and an internal vacant 
diameter between about 10mm to about 20 mm are amenable to 
use for obtention of these bone plugs. Such core drills are 
available, for example, from Starlite, Inc. In one 
embodiment, a pneumatic driven miniature lathe having a 
spring loaded carriage which travels parallel to the cutter 
is used. The lathe has a drive system which is a pneumatic 
motor with a valve controller which allows a desired RPM to 
be set. The carriage rides on two runners which are 1.0 
inch stainless rods and has travel distance of approximately 
8.0 inches- One runner has set pin holes on the running rod 
which will stop the carriage from moving when the set pin is 
placed into the desired hole. The carriage is moveable from 
side to side with a knob which has graduations for 
positioning the graft. A vice on the carriage clamps the 
graft and holds it in place while the dowel is being cut. 
The vice has a cut-out area in the jaws to allow clearance 
for the cutter. 

In operation, the carriage is manually pulled back and 
locked in place with a set pin. The graft is loaded into 
the vice and is aligned with the cutter. Sterile water is 
used to cool and remove debris from graft and/or dowel as 
the dowel is being cut. The water travels down through the 
center of the cutter to irrigate as v/ell as clean the dowel 
under pressure. After the dowel is cut, sterile water is 
used to eject the dowel out of the cutter. 

Dowels of any size can be prepared according to this 
invention. In some embodiments, the dowels range from 5mm 
to 30mm diameters with lengths of about 8mm to about 36mm 
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::a":j:::"rL:;T::r:: ^""-^ 

cervical ^r. / diameter are available. For 

cervical dowels, such ar,4-^ • 

dowels, lengths Of T cervical fusion or ACP 

/ -Lengths of 8nim, gram, up to about i t;m,n 
5 desirable. Dowels of ri^ ^ ^ • generally 

of differing diameter are most 
conveniently obtained as follows: 

10.6-limm fibula 
12mm 

10 radius 

14mm , 

ulna 

small humeri 

body fusion (ALIF) fl„ , anterior lumbar inner 

between aLu " 'ri^^' "^-in, a aepth o. 

a particular patient. Oowei 0^,,^'"' °" °^ 
thoracic ana lumbar fusions are ' """"^ 

as follows: conveniently obtained 

humerus 

16-18mni 

f eiRur 

18-20mm 

::::s'i: :rt::xr:"- 

provided by this inv^nH^ • significant advances 

cnxs invention is t-haf- 

pnysis of long bones, each dowel ha- ^ ^ 

having a substantially ••C"-shan!r h C "'^ °' 

C Shaped Chamber through the dowel 
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perpendicular to the length of the dowel formed by the 
intersection of the natural intramedullary canal of the 
source bone and the cutter blade as it forms the plug. The 
canal cavity in the long bone is, in vivo, filled with bone 
marrow. In the standard Cloward Dowel and unicortical 
dowels known in the art, no such natural cavity exists and 
the cancellous bone that forms the body of such dowels tends 
to be too brittle to accept machining of such a cavity. The 
dowels of this invention, by the nature of their origin, 
inherently define such a cavity. Naturally, based on this 
disclosure, those skilled in the art will recognize that 
other bone sources could be used which do not have the 
intramedullary canal, and if sufficient strength is inherent 
to the bone, a cavity or chamber could be machined. In 
addition, it will be appreciated from the instant disclosure 
that an existing diaphysial cortical dowel (Figure 3), 
available from the University of Florida Tissue Bank, Inc., 
could be modified by machining one side of such a dowel 
until one wall of the dowel is sufficiently abraded to 
"break-through", thereby transforming the diaphysial 
cortical dowel into the "C"-shaped dowel of this invention. 
Accordingly, such extensions of this invention should be 
considered as variants of the invention disclosed herein and 
therefore come within the scope of the claims appended 
hereto • 

The marrow is preferably removed from the intramedullary 
canal of the diaphysial plugs and the cavity is cleaned, 
leaving the chamber. The spacer may be provided to the 
surgeon with the chamber prepacked or empty for the surgeon 
to pack during surgery. The cavity or chamber can then be 
packed with an osteogenic material or composition. 

The plug is then machined, preferably in a class 10 
clean room to the dimensions desired. The machining is 
preferably conducted on a lathe such as a jeweler's lathe. 
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or machining tools may be so^ri f n ^ . 

£or this purpose. Specific to '""'"'"^ 

;:--^^iit .tr:::LT=^^^ 

vertebrae L 'h / ' ""''^ ""^■""'^ =«==-nt 
vertebrae is chamfered. The curvature of th. „k « 

facilitates insertion of the do„e into th! t"' 
snacp (-H=rr.<r • uwwei into the intervertebral 

space. Chamfering can be accomplished by appropriate !! 
such as by machining, fiiina c,«n^- ^PPropriate means 

means Th^ "^^nQ' sanding or other abrasive 

and the L:ireToT\'°^ chamfering is fairly liberal 

the end of : dot r - -^^--y pomt 
-.™ed bet.een ad. ii^t :t^::.:\:^-:- 

The methods may include definina ZJ, 

attachment hole in an end of III IJ:^ ^ r: ~ 

drilled and preferably tapped. Preferablv th. ^ T 

be Of such dimensions as to fit . ' ''''' 

aa to rit Standard incs^arf-i r^r^ 

^uch as those produced by Sofamor Oane. G o^p L ZTo'o 

^ramid Place. „emphis. XN 3ei32. (SCO, ,33-' 3 " „ 

addition, a score mark or driver sin.- k • 

the instrument attachment end o" ll:\:Z:::2T::t 

surgeon can align the dowel so th.^ -k 

with the le„,th Of the rec p en 's spinal 

or Slot allows the surgeon to o iL d::'^"' 

after the dowel is inserted and It I Properly 

visible Tn ^y. "=='^'«<5 and the chamber is no longer 

preserve as much bone stock and th. T omxttB^ to 

end as possible. therefore strength, in the 

surface features such as grooves and threads may be 
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preferably defined or inscribed on the outer cylindrical 
surface of the dowel. Machining of such features on dowels 
known in the art is difficult if not impossible due to the 
brittle cancellous nature of such dowels. Accordingly, the 
5 dowels of this invention have the advantage of having very 
good biomechanical properties amenable to such machining ♦ 

Those skilled in the art will also recognize that any of 
a number of different means may be employed to produce the 
threaded or grooved embodiments of the dowel of this 

10 invention. However, one preferred embodiment of a thread 
cutter 400 is depicted in Figures 17-23. The cutter 400 
includes a drive shaft 402 for supporting a spacer and a 
cutter assembly 420. The terminal end 406 of the drive 
shaft 402 includes a spacer engager 407. In one embodiment 

15 and as best shown in Figure 18, the spacer engager 407 is a 
protruding element vjhich matingiy corresponds to the driver 
slot on the tool end of the open-chambered spacers of this 
invention. The drive shaft 402 can be turned to rotate and 
advance the spacer incrementally through the cutter assembly 

20 420 to inscribe a feature such as a thread into the surface 
of the spacer. 

In one embodiment, the drive shaft 402 can be turned by 
a handle 401 rigidly attached to a first end 402a of the 
shaft 402. The drive shaft 402 preferably is provided with 

25 a graduated segment means for controlled incremental 

advancement of the drive shaft 402 upon rotation of the 
handle 401. In this embodiment, the means is a threaded 
portion 403. Support means 404 and 405 are preferably 
provided for alignment and support of the shaft 402. Each 

30 of the support means 404, 405 include a wall 404a, 405a 

defining an aperture 404b, 405b. The support means 404, 405 
may having controlling means within the apertures 404b, 405b 
for controlling rotation and incremental advancement of the 
shaft. In some embodiments, the controlling means include 

35 matching threads or bearings. 

The thread cutter assembly includes a housing 408 and 
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blades 421. 422 ana c,uide plates «4, .35 mounted within the 
hous.n, 408 The cutter Made. 422 are held in p Le 

nousmg 408 by fixation wedges 423a and 423b while 
guide plates 424 and do^ h=., ■ wnne 
in Place bv ' "^"^^"^ "° ^"^ting teeth, are held 

m Place by fixation wedges 423c and 423d Fix«i-ior, ^ 
423a-d ar-^ . , ^-^-aa. fixation wedges 

423a d are held m place by screws 426a-d The for^n.-i. 
arrangement is preferred -Jt- ii ^ a- The foregoing 

disassembly of llTZlt L .. ""'^ 

hi»H« / assembly, removal of the cutter 

St u.: r::7 ".^"-^ -a i. aesiria. 

sterilization by autoclaving, chemical -ir-^ ^- ^. 

*-"eraicai, irradiative. or i i ira 

-an.. The cutter tlaae. .21. 422 and guide plates 424 42, 

flLtll f ^"'^"^"^ Which draws the 

fixation wedges 423a-d into the housing 406, thereby 

:^::r:::rr— "Lrirt'hTarrrirr- it- - 
e,ui . asse^hir:.:::: :erh::::r^ 

such as hy use o£ wing-nuts, welding or li,.e means to .ttl'. 

t::::-z:'~ " ^^^--^"^ .eiationsi'r 



35 



Fixation wings 421c anri a-^i^ 

. "° ^^^^ provided to allow 

proper seating of the cutter hi =ri^ ■ ^iiow 

housing 408. At 6 a lil insertion into the 

and 422 ! V, . provided on cutter blades 421 

insertion into the .ousi^g ^r^rrrc^-^L^^trrthe""" 
blades and the teeth thereon are appropriately reg stered so 
that as blade 421 cuts into the bone dowel as it L 
rotat.onally advanced through the cutter assembly 420. blade 
22 rs approprrately situated so that its matching te^th ar^ 

" ngs Lid ' -"bination of the fixation 

that w^^l 42? l : ^"""''^ '""'"^ " ""^ ""--S ^08 such 
wails abut the insides of wings 421d and 421c. 
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The cutting edges 421a, 422a of the blades 421, 422 are 
disposed in relation to each other so that they are on 
axis. The cutting edges 421a, 422a and the guiding edges 
424a, 425a of the guide plates define an aperture 427 for a 
5 spacer or dowel. The diameter of the dowel that may be 

threaded according to this device is defined by the diameter 
of the aperture 427. 

The supports 404 and 405 and the housing 408 for the 
cutter assembly are all preferably mounted on a steady, 

10 solid, weighty base unit 409 via screws, welding, or like 
attachment means at 410a-f , The supports and the cutter 
assembly are configured so that there is an appropriate 
travel distance 411 from the fully backed out terminal end 
of the drive shaft 406 to the end of the cutter assembly 

1^ 420. This distance must be sufficient to allow insertion of 
a dowel blank and advancement of the blank through the 
cutter assembly 420 to allow a fully threaded dowel to 
emerge from the cutter assembly. 

The cutter maintains true tooth form from top to bottom, 

20 so that the cutter can be sharpened by surface grinding the 
face. This is achieved by wire-cutting the teeth such that 
there is about a 5** incline 62c between the descending 
vertices at the front and rear of each tooth, and about an 
8** incline 62d between the front and rear of the top of each 

25 tooth. This aspect can best be seen in Figure 20. Also, 
the thickness of the cutter blade, 62c, preferably about 
0.100" can be seen in that figure. The angle 61 in Figure 
20 is preferably about 60**. The width of the top of the 
tooth 62b is preferably about 0-025". The pitch 60 is 

30 preferably about 0.100". Figure 21 shows an overall view of 
the cutter blades 421 or 422 which are assembled in the 
cutter assembly housing 408. The entire length of the cutter 
blade 421b is about 1.650". 

Details of the blades 421, 422 are shown in Figures 22 

35 and 23. In this embodiment, the cutter blade 421 has twelve 
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At 



encountered by the blanK and at each successive tooth an 
increase of about 0.004" is .ade until the final too^h 

hnntis^fr't"-"' - ' --1 

":::a::d":o:h":t 3\''"::rar=^'""^- " ^"-"--^ = 

K • ui- . ^''^''y subsequent tooth the 

at L . " — Of 0 039- 

at 4 1 and 4«. The truncated teeth into the 

dowel bein9 cut along the 30- line so th»^ ^v, . 
onl. two Sides, .he dotted U^IZT^Z h Zll ZlT 
and or,„ that the cutter win cut in the bone ao"::! " 
all If Z . -recognized by those skilled in the art that 
all Of the foregoing ele,„ents should preferably be 

steel, or ixke materials. m particular, the cutting 
surfaces 421a and 422a of the blades 421 and 422 . 
from hard metal. " ""^^ 

wlll'beT""°"' °^ foregoing description, it 

"11 be appreciated that the cutter blades 421 and 422 are 
Placed rnto the housing 408, clamped into place via the 

fixation wedges 423 a h ^r.^ 4-u 

yea fizcj a, i3 and the screws 426 a h ^^i-^^ 

p:::::tr:i"^"/'°^"^^ — .1 mLl" e " 

urxrice 427 and the drive shaft with r,,.^4- ^- 

Ano • ■ "oj- 1- wxtn tne protrudinq elemt^nt- 

401 xs turned, the drxve shaft forces the dowel to rotate 
and advance xncre.entally through the cutter assembir420 

and 422 into the outer cylindrical surface or 
circumference of the dowel. 

As noted above, those skilled in the art w,- n 
that modifications to the specifics of h i: ZlZll 
"Xll allow for the preparation of the varied th^ea': o" 
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grooves in the circumference of the dowel. For example, to 
form a groove in a dowel, the dowel could be mounted in a 
lathe, such as those known in the art and commercially 
available, for example from SHERLJ.NE PRODUCTS, INC., SAN 
5 MARCOS, CALIFORNIA 92069, and a cutter blade applied as the 
dowel is rotated. 

The final machined product may be stored, frozen or 
freeze-dried and vacuum sealed as known in the art for later 
use . 

10 The spacers of this invention may be conveniently 

implanted with known instruments and tools. Any instrument 
which will firmly hold the implant and permit the implant to 
be inserted is contemplated. Preferably, the instrument 
will be adapted to compensate for the open structure of the 

15 spacers of this invention. 

The present invention further contemplates insertion 
devices for facilitating the implantation of spacers, 
implants or bone graft. The tools include spacer engaging 
means for engaging a spacer or other item and occlusion 

20 means for blocking an opening defined in the spacer. One 
embodiment of an insertion tool of this invention is 
depicted in Figures 24-26. 

In one embodiment, an insertion tool 800 is provided 
which includes a housing 805 having a proximal end 806 and 

25 an opposite distal end 807 and defining a passageway 810 

between the two ends. A shaft 815 which has a first end 816 
and an opposite second end 817 is disposed within the 
passageway 810. The first end 816 of the shaft 815 is 
adjacent the distal end 807 of the housing 805. The first 

3Q end 816 defines a spacer engager 819. An occlusion member 
820 is attached to the housing 805. 

The spacer engager 819 has any configuration which will 
engage a spacer. In some embodiments the spacer engager 819 
includes a post 818 as shown in FIG. 26 for engaging a hole 

35 in the spacer. The post 818 may have any configuration 
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which will provide for mating engagement with a hole in a 
spacer. For example, in preferred embodiments, the engager 
8J.a.=«s feh<ir<ea.d«#«as-stt(jwn ih-^^^ 2 mat ingly engage a 

threaded tool hole. Other embodiments include sharply 
pointed tip 819 as shown in Figure 24 or a hexagonal shaped 
tip 819" (Figure 27). In each case, the engager is shaped 
and sized to mate engagingly with the tool hole of the 
spacer. m other embodiments, the spacer engaging means is 
a pair of prongs having opposite facing spacer engaging 
members for grasping an outer surface of the spacer. 

The spacer insertion tool 800 also includes an occlusion 
member 820 for blocking an opening defined in the spacer 
when the spacer engager 819 is engaged to the spacer. In a 
preferred embodiment, the occlusion member 820 is extendable 
from the distal end 807 of the housing 805 for blocking an 
opening in the spacer. As shown in Figure 28, the occlusion 
member 820 closes the mouth 525' and channel 526 defined in 
the spacer 500 ' , 

The occlusion member 820 is preferably slideably engaged 
to the housing 805. Referring now to Figure 29, in one 
embodiment, the occlusion member 820 includes a plate 821 
which defines a groove 822. A fastener 830 is engaged to a 
fastener bore 809 in the housing 805 and the groove 822 is 
disposed around the fastener 830. In this way, the plate 
821 is slideable relative to the housing 805. 

As shown in Figure 30, the housing 805 is preferably 
provided with a recess 808 which is defined to accept the 
occlusion member 820 without increasing the effective 
diameter of the device 800. The occlusion member is also 
adapted for the best fit with the spacer. For example, the 
interior surface 824 of the occlusion member would be curved 
to complement the scalloped faces 582 and 583 shown in 
Figure ll for crescent engagement. Referring now to Figures 
30 and 31, the plate 821 of the occlusion member 820 
preferably includes a curved superior surface 825 which 
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approximates and completes the minor diameter of the dowel 
500* when the spacer engager 819 is engaged to the tool 
engaging hole 515' and the occlusion member 820 is blocking 
the channel 526 of the spacer 500', Preferably, the plate 
5 821 and the arm 520' of the spacer 500' will be configured 
such that the plate 821 will not extend beyond the channel 
526 when the tool 800 is engaged to the spacer 500*- In 
other words, the curved superior surface 825 will not 
increase the effective root diameter RD of the the threaded 

10 outer surface 510'. This facilitates rotation and screw 
insertion of the spacer and occlusion member combination 
into an intervertebral space. 

The tool 800 depicted in Figure 24 also includes a 
handle portion 840. The handle portion includes means for 

15 slidingly moving the shaft 815 within the housing 805 and 
for rotating the post 818. In the embodiment shown in 
Figures 24 and 25 the means includes a thumbwheel 841. In 
some embodiments, the handle portion 840 has a Hudson end 
attachment 842. 

20 Referring now to Figures 32-34, the fastener 830 is 

preferably provided with a housing engaging means shown in 
Figure 32 as a post 834, and a plate engaging means or head 
portion 835. The fastener 830 preferably includes an 
internal hex 837 for receiving a fastener driving tool. The 

25 post portion 834 may be threaded for mating engagement with 
threaded bore 809 in the housing 805. In preferred 
embodiments shown in Figures 29 and 30, the plate 821 
defines a recess 826 surrounding the groove 822. The 
diameter dl of the head portion 835 is greater than the 

^0 diameter d2 of the post 834, The diameter d2 is less than 

the width wl of the groove 822. The diameter dl of the head 
portion is greater than width wl but preferably no greater 
than the distance w2 between the outer edges 827 of the 
recess 826. Thus, the head portion 835 of the fastener 830 

35 can rest on the recess 826 while the post portion 834 
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sUdable relative to the housing e05. This also provides 
for a low profile device which can he inserted into varLs 
cannula for percutaneous procedures 
5 The spacers and tools in this invention can be 

conveniently incorporated into Known surgical, preferably 
™ily invasive, procedures. The spacers ;f this " 
21 11 laparoscopic technology as 

f^^^^^^^^^J^rscJuiMUS, ® 1995. 1800 pyramid Plac^, Memphis' 
Tennessee 38132. l-800-933-2fiT; „ ^ ^, "^niPttis- 
with fh» ■ 933-2635. preferably in combination 

".th the insertion tool 800 of this invention. Spacers of 

— eniently incorporated i^to Sof Ir 
Danek s laparoscopic bone dowel system that facilitates 

es'r::' ^= - - 

r::ro::ri::: r :i::r ':,\r-^:- — 

- :=i/L :~":n:::r:r^::p""°r ----- ^ 

^ane..s open anterio^ bone^:: L^r:::: n^a^L^^r'T' 

Z r ^O'^-""- posterior 

approach bone dowel instrumentation are contemplated 

The present invention also includes methods for fusin., 
25 adjacent vertebrap. Th^ ^ ■ i:using 

The spine may be approached from any 
^xrectxon indicated by the circumstances. The vertebrae and 
the intervertebral space are prepared according to 



30 



35 



« w \- JL m X 

conventional procedures to receive the spacer. A spacer of 

t^^t::'^'"'^"' " "^^"^^ 3urg:::"L , 

uii tne sxze of the cavitv cr^a^f-ori i-i. 

^ ^. . ^aviuy created and the needs of th^ 

particular patient undergoing the fusion. The spacer is 
-unted on an instrument, preferably via an ins r:i:t 

TlZlT " embodiment, an osteogenic Zterial 

IS placed withm the chamhf^r ^^j-cii 

t.aainDer of the spacer and the channoi 
ana or mouth of the spacer is then blocked with an oc^^uLon 
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member of the instrument. The spacer is then inserted into 
the cavity created between the adjacent vertebra to be 
fused. The spacer is oriented within the intervertebral 
space so the osteogenic material in the chamber is in 
communication with the end plates of the vertebra. Once the 
spacer is properly oriented within the intervertebral space, 
the occlusion member of the instrument can be withdrawn from 
the spacer aperture and the spacer engager is disengaged 
from the spacer • 

In some embodiments, osteogenic material is packed into 
the chamber through the channel after implantation. In 
still other embodiments, a second spacer is implanted into 
the intervertebral space. Figure 8 depicts placement of two 
dowels of this invention implanted from an anterior 
approach, while Figure 9 shows bilateral placement of dowels 
from a posterior approach. In each case the channel 526 
opens adjacent the tool engaging end 501* allowing access to 
the chamber 530' from either the anterior or posterior 
approach . 

The combination of spacers of this invention with the 
tools of this invention allow the spacers to provide the 
benefits of an open spacer without suffering any 
biomechanical disadvantage or increased fiddle factor. The 
occlusion member 825 blocks the mouth or channel to lessen 
the stress on the wall of the spacer for smooth insertion. 
The occlusion member also allows the chamber to be packed 
with osteogenic material before the spacers are implanted. 
Once the spacer is implanted and the occlusion member is 
withdrawn, additional osteogenic material can be packed into 
the chamber or around the spacers. In some procedures two 
open spacers are packed with the mouths facing one another 
as depicted in Figure 8. The open mouth of the spacers 
along with the tools of this invention allow the spacers to 
be packed closely together because virtually no clearance is 
required for the insertion tool. The open mouth also allows 
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the chan,ber= to be packed after the spacer is implanted. 
Thi= IS greatly enhanced when one of the ar^s is truncated 

arsZ„'- "''r"'" *"'™^^'**" ^"^^ '° Chamber 

as snown m Figure 10. 

It has been found that certain dimensions are preferred 
"hen a spacer of this invention is a bone dowel. For the 
substantially .c--shaped chafer, 530, a regular or 

^55l":L''^'^ ^ ^^^^^ 

0.551" (14nim) is preferrp.f=i tt-!*-^ • • 

^ prererred with a minimum wall thickness 57n 

at the root of the thread of preferably no less than Ibou 
5mm. Those skilled in the art win recognise that the 
foregorng specifics, while preferable, „ay be modified 

. _^ '^^^'^^ ^= 18mm and the length 

the so T'-. '""'^"'^ embodiment, the length L2 of 

the solrd sxde rs shorter than the length of the open side 
" due to the natural curve of the bone. The shorter length 

^en't^'^r^""" " = ' "'^ °' '"^ ^-"O "- The 

0 o° h preferably between about 

:>o-85-8 of the diameter of the dowf=.i m t 

t-K^ • ^. aowel Dl. In this embodiment 

the rnser xon end of the dowel includes a flattened portL^ 

least 7:. oTth ".'-""^ preferably at 

Pi9ure 36, the depth Ela, Elb, E2a, E2b of the end-caps or 
xnsertron end and tool engaging ends of the dowel a" 

the th^ ^ ™« °^ '-e bevel B2 of 

the threads rs preferably imm while the bevel angle Bl is 
30 preferably about « degrees. The depth of the d!ive slot C2 

vlrif : " " ^-"^^"""S 'he tapped thread. 

35 bv th " ' configurations are contemplated 

by thrs xnvent.on. Referring now to Figure 3B. a detail oT 
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the thread of one embodiment is provided. The thread pitch 
Tl is about 2.5 mm. The length T2 of the top of each tooth 
of the thread is about 0,6mm, the depth T4 of the thread is 
about 1mm and the width T3 of the thread at the thread root 
is about 0,8mm. The outer thread angle A3 is about 60 
degrees in this embodiment. Figure 39 shows a detail of a 
portion of a threaded dowel of another embodiment which has 
ten right handed threads per inch at a helix angle at the 
root diameter of about 2.8892°. In this specific 
embodiment, the pitch Tl' is 0.100"; the thread angle Al • is 
60^; the thread crest width T2 ' is 0.025"; the thread height 
T4 V is 0.039"; and the radius of the various thread angle as 
it changes R is typically about 0.010". 

While the foregoing description discloses specific 
aspects of this invention, those skilled in the art will 
recognize that any of a number of variations on the basic 
theme disclosed herein can be made. It is contemplated that 
the spacers of this invention can be formed of any suitable 
biocompatible material, including metals, ceramics, 
polymers, composites, alloys and the like. Some embodiments 
include titanium, stainless steel, and Hedrocel®. Thus, 
for example, differing shapes can be made from the diaphysis 
of various bones and could be used for other orthopaedic 
purposes than vertebral fusions. In addition, any of a 
number of known bone treatments can be applied to the dowel 
of this invention to alter its properties. For example, the 
methods disclosed in U.S. Patent Nos. 4,627,853; 5,053,049; 
5,306,303 and 5,171,279 can be adapted and applied to the 
invention disclosed herein. Accordingly the disclosures of 
those patents is herein incorporated by reference for this 
purpose . 

Having described the dowel of this invention, its mode 
of manufacture and use, the following specific examples are 
provided by way of further exemplification and should not be 
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interpreted as limiting on the scope of the invention herein 
disclosed and claimed. nerem 

EXAMPLES 



10 



15 



Ex9mp?e-1 T SXaiana l Testinn of H f,...,^,^ ,^ ^^^^^^ 
The C-shaped dowel of this invention was tested and the 
following measurements made of the dowel's ability to 

for the 16 mm dowel. However, similar results are expected 

dowel °' '^'^^^ ^"^^ invention. Por each 

dowel, a measured torgue is applied to the dowel as it is 
maxntained in a stationary position. For biological 
insertion of dowels, torgues no higher than about 1 
rHheT^r dimensions measured 



20 



25 




W1*»W1-T4; H**=.see H1-H4, Figure 16; 

calc. thickness--theoretical calculations based on 
sidewall height, H 
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From these data, it is clear that dowels of this 
invention are able to withstand considerably more than the 1 
newton-meter of torque required to insert the dowel in 
physiological situations* From theoretical calculations 
5 based on the sidewall height, the difference between the 

calculated sidewall thickness and the measured thickness was 
found to be, on average, about 22%, leading to the 
conclusion that only approximately 22% the measured 
thickness is cancellous bone, and the substantial majority 
10 of the bone is cortical bone. 

Example 2-Compression Testin g: 

The "C"-shaped dowel of this invention was compressively 
tested and the load to failure was measured. It is 
anticipated that loads no higher than about 10,000 newtons 
15 are likely to be experienced in-place in the vertebral 

column. Compression testing of several different "C"-shaped 
dowels of this invention indicated that dowels of this 
invention survive axial compression loads significantly 
higher than the 15,000 newton threshold: 
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The mean load to failure of these dowels is 18544 
newtons indicating that on average, .ore dowels can 
w thstand 15000 newtons axial pressure than not. These data 

L:::rr^ r "^^^ ^^^^^^^^^ .-aut. control 

eliminate dowels that do not wifch<!^ar,r) • . 

. withstand minimal axial 

compression loads from being implanted. 

Preoperative Diagnosis. Ru^uirlT;;^^^ 
spondylosis C5-6. "° 

Operative Procedure Arn-or--;^^ 
fusion C5-6 Anterior cervical discectomy and 

J-::.':.™.. :::;:r.:: r,::.::.:;:- — 

Dissection xs carried down to expose the anterior vertebral 
column ana the appropriate space identified by .-riy 

rr:°:L:::i'°::::::::T - --^--^ - 
siae. When ^ r:™- - ^^^^ 

dowel is cut from bone bank fibular anfl . ! " 
vertebral bodies to afford^L^Ic^^ n°""trr„:ir" 

::::n"::rri:r:j:::r"-" - -.^^^ w^r 

Postoperative evaluation and subsequent patient 

::::::: rf::::::^ ^""^-^^^"^ — 
aesc^Lrrrer: rrf-r:?.:::^:^"-- 

various modifications or ..^^Il^^u t~ o^"^:^:"' 

and the scope of ^01:1:-" 
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What is claimed is: 

1. A hollow intervertebral spacer, comprising: 
an elongated body having an outer surface and a 

longitudinal axis along a length of said body and defining a 
5 chamber therethrough along a second axis substantially 
perpendicular to said longitudinal axis; 
a first arm connected to said body; 

an opposite second arm connected to said body and facing 
said first arm; and 
10 said first arm and said second arm forming a mouth to 

said chamber. 

2. The spacer of claim. 1 wherein said body further 
comprises : 

a tool engaging end defining a tool engaging hole for 
receiving a driving tool for implanting the spacer. 



15 



3. The spacer of claim 2 v/herein said anterior surface 
further defines a slot surrounding said tool engaging hole. 

4* The spacer of claim 1 wherein said outer surface 
defines threaded bone engaging portions. 

20 5. The spacer of claim 1 vjherein said wall is curved 

and said chamber is substantially C-shaped. 

6. The spacer of claim 1 wherein said body is composed 
of a porous material. 

7. The spacer of claim 1 wherein said body is composed 
25 substantially of cortical bone. 

8. The spacer of claim 1 wherein said first arm is 
truncated relative to said second arm. 
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■def±w^^ t^I,^||S^«|?--^^ c^uter surface 

compose, o. co::.:"::""' - 



10 12. The spacer of claim li wherei 



15 
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res 



a body havxng a wall defining a chamber, th^ hodv 
defxnxng an opening in communication with said c\ h 
wall having a first ^ chamber, said 

relative to saia second ar™ " 

arivmg tool for implanting the spacer, 
angaginc, hole. =urrou„ai„g saia tool 
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16. The spacer of claim 13 wherein said body further 
comprises : 

an outer surface defining threaded bone engaging 
surfaces . 

17. The spacer of claim 13 wherein said wall is curved 
and said chamber is C-shaped. 

18. The spacer of claim 13 wherein said spacer 
comprises cortical bone. 

19. The spacer of claim 13 further comprising an 
osteogenic material packed within said chamber. 



20. A graft comprising an elongated body consisting 
essentially of cortical bone, said body having an outer 
surface and a longitudinal axis along a length of said body 
and defining a chamber therethrough along a second axis 
substantially perpendicular to said longitudinal axis, said 
body further defining a channel defined along said 
longitudinal axis and in communication with said chamber and 
said outer surface. 

21. The graft of claim 20 wherein said outer surface 
defines threaded bone engaging surfaces, 

22. The graft of claim 20 further comprising an 
osteogenic material packed within said chamber. 

23. A hollow intervertebral spacer, comprising: 

a cylindrical body having a wall, said wall having an 
outer surface and defining a chamber and an opening in 
communication with said chamber; and a channel defined in 
said wall in communication with said chamber and said outer 
surface. 
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27. A "C"-shaped dowel substant4;,n 

cortical bone. substantially composed of 

28. The "C"-sh 



aped dowel of claim o-? - . 

Obtained tro,„ the aiaphy.if L a J """-"""^ ^ "one 

having a substantially -c- T.l". . ' """"^^ 

v.xaij.y -Shaped chamber 



29. The ••C"-shaped dowel of claim h • 

15 insertion end. having a chamfered 

30. The ••C"-shaped dowel of claim 2fi ^,..4-v, 

a tool engaging end defining an in^. comprising 

i-ming an instrument attachment hole. 



eng 
20 ho 



25 



31. The "C"-shaped dowel of claim • 

.aging end also defines a drLer s 1 '""^ 
le. ariver slot surrounding said 

32. The ••C"-shaped dowel of claim :.r ^ 

am external feature machined into an I comprising 
dowel. ^" surface of the 

33. The -C" -shaped dowel of claim ^7 u.y, 
feature includes a groove. "^''^ 
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34. The "C"-shaped dowel of claim 32 wherein said 
feature includes threads formed along a portion of the 
length of the dowel. 

35. The "C"-shaped dowel of claim 27 having a length of 
5 between about 8mm to about 3 6mm. 

36. The "C"-shaped dowel of claim 35 having a diameter 
of between about 10mm and about 24mm. 

37. The "C"-shaped dowel of claim 28 further comprising 
an osteogenic composition packed within said chamber. 

10 38. The "C"-shaped dowel of claim 37 wherein said 

osteogenic composition comprises autogenous bone, bone 
morphogenetic protein, a calcium phosphate composition or a 
mixture of these. 

39. The "C"-shaped dowel of claim 27 obtained as an 
15 off-center transverse plug from the shaft of a donor's 

fibula, radius, ulna, humerus, femur or tibia, 

40, A method of making a dowel which comprises 
machining an off-center transverse plug from the diaphysis 
of a donor's fibula, radius, ulna, humerus, femur or tibia, 

20 said plug having a diameter of between about IGmm and about 
24mm and a depth (length) of between about 8mm and about 
30mm such that the resulting dowel has, running through it, 
perpendicular to the long axis of the dowel, a substantially 
"C" -shaped chamber , 

25 41. The method of claim 40 further comprising 

chamfering one end of said plug to form a generally curved 
surface for ease of insertion of the dowel into an 
intervertebral cavity. 
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42. The method of claim 40 f 

process comprising machining an off r-on^-^- 4- 

from the .iaphysis of a donor's Lhur '""'"'"^ 

humerus, femur or tibia sai^ "/^^"l^' "dius, ulna, 

-t.een about a:r;b:u\^^.:ranTa"L:g:r::tt°^ 

a- ana about 3emm such that the resulting Ll has 

running through it, perpendicular to the lonr • 

dowel, a substantially «C"-shan!d I k ''''' """^^ 

AJ-y »^ -snaped chamber. 

44. The "C"-shaped dowel of claim 27 h» • 
surface defining a surface feature ' 

- -^^'^ - -erein said 



45. 

feature includes a 



groove , 



47. The -C"-shapea dowel of claim 4c „h • 
thread has a pitch of about 0.1- 



A spacer Insertion tool, comprising: 

end iT.:iz,:iTi:r'''''' ^-^ - -^^^ai 

-id distal e^d- "'^'^'"'^ "^'^ P-ximal end and 

saia's::::^-::::!^::::: " ™ 

end adjacent sa d di: " ena" 'TT'^"^^ 

spacer engager; and ' ^"^ ^^""-^ = 

an occlusion .e.her e.tendahle fro. said distal end of 
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said housing for blocking an opening defined in the spacer 
when said spacer engager is engaged to the spacer. 

49. The tool of claim 48, further comprising a fastener 
attached to said shaft and wherein said occlusion member 
includes a plate defining a groove, said groove disposed 
around said fastener so that said plate is slidable relative 
to said housing. 

50. The tool of claim 49 wherein said plate has a 
curved superior surface which approximates the outer surface 
of the spacer when said spacer engaging means is engaged to 
the spacer and said occlusion means is blocking the opening 
of the spacer. 

51. The tool of claim 48 wherein said shaft is 
slidingly disposed within said passageway, 

52. The tool of claim 48 wherein said spacer engager is 
threaded for mating engagement with a threaded hole in a 
spacer . 

53. The tool of claim. 48 wherein said spacer engager is 
a hex for mating engagement with an internal hex in a spacer. 

54. An insertion tool for inserting a spacer into an 
intervertebral space, comprising : 

spacer engaging means for engaging the spacer; and 
occlusion means separate from said spacer engaging means 
for blocking an opening defined in the spacer. 

55. The tool of claim 54 wherein said occlusion means 
includes a plate , said plate having a curved superior 
surface which approximates the outer surface of the spacer 
when said spacer engaging means is engaged to the spacer and 
said occlusion means is blocking the opening of the spacer. 
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56. The tool Of Claim 54 whecein said spacer angaaino 
.neans .ncluaes a post for e„,agi„, a hole in the space: 

57. The tool Of claim 56 wherein said post is thread»fl 
for matin, en.a.ement with a threaded hole L a ^^acer 

58. The tool of claim 56 wherein said post is . h» , 
™atx„, engagement with an internal he. in a spacer. 

59 The tool Of Claim 74 wherein said spacer engagi, 
-ans .s a pair of prongs having opposite, facing ~ 
engaging members for qrasoinn ^r. spacer 

tor grasping an outer surface of the spacer 

60. A driving tool for implanting an interbody spacer 
m a space between adjacent vertebrae i-h« spacer 

::::::: z'-'- - - - ::rar::::r::: 
:::=::i"::g^:gt:„r::re^::L- z ri 

hole; and engaging the tool engaging 

occlusion means for blocking said mouth. 



62. The tool Of Claim eo wherein said spacer engaging 

the 



" wnerem said spacer enaat 
means is a threaded post for thr«=^- ' 
. ^ °^ threading engagement with 

tool engaging hole. 



63. A method for fusing two adjacent vertebrae 
comprising the steps of: ertebrae. 



providing a spacer, the spacer 



including a body having 
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wall, saicJ wall having an outer surface and defining a 
chamber and an opening in conununication with said chamber, 
and a channel defined in said wall in communication with 
said chamber and said outer surface; 
5 preparing the vertebrae and the intervertebral space 

between the vertebrae to receive the spacer; 

placing the spacer into the intervertebral space after 
the preparing step so that the opening is in communication 
with at least one of the vertebrae; and 
10 packing osteogenic material into the channel after the 

placing step. 



64. A method for fusing two adjacent vertebrae, 
comprising the steps of: 

providing a spacer, the spacer including a body having a 
15 wall, said wall having an outer surface and defining a 

chamber and an opening in communication with said chamber, 
and a channel defined in said wall in communication with 
said chamber and said outer surface; 

preparing the vertebrae and the intervertebral space 
20 between the vertebrae to receive the spacer; 

packing osteogenic material into the chamber; 
blocking the channel; and 

placing the spacer into the intervertebral space after 
the blocking step so that the opening is in communication 
25 with at least one of the vertebrae. 

65. The method of claim 64 further comprising: 
implanting a second spacer into the intervertebral space 

after the placing step, the second spacer having a body 
having a wall, said wall having an outer surface and 
30 defining a chamber and an opening in communication with said 
chamber, and a channel defined in said wall in communication 
with said chamber and said outer surface; and 

orienting the first spacer and the second spacer so that 
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the Channels of the first ana second spacers face one 

another. 

66. The method of claim 65 further comprising packing 
" ! """'^^ "-^ -"—1= first ana 



a 

second spacers. 



67. The method of claim 64, 

further comprising providing a tool of claim 27- 

wherexn the blockxng step includes extending the 
occlusion member to block the channel. 



Of a'metara''"".^' ' '^'^ - --POsed 

there"! ' '^'^'"^^ ^ composite or alloy 



69. The spacer of claim 13 wherein said body is 

::::rtt::o:.^^"" - ^ - ^ — - or 



in./^ °' ' "^'^^^^^ ^-i'^ outer surface 

xncludes a curved portion and a flattened portion. 

71. The spacer of claim 13 wherein said body further 
20 comprises an outer surface tha^ ri«*:- further 
a flattened portion. ' 
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